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(54) GEOTHITE WHISKER AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a totally new material 
which can be applied to components of micro-machine and 

nano-machine. 

SOLUTION: When manufacturing this new material, the 
content (x) of a metal selected among Go. Ni, Or and Ti is 
controlled to be 1 5<x<30 at% by maturing a suspension 
which contains a gel amorphous substance where the 
amorphous substance is either one of FeOOH which 
contains water content and the metal or ferric hydrate 
which is obtained by mixing a strong alkali solution with a 
solution which contains a metal salt containing a metal 
selected from Co. Ni. Or. and Ti and a ferric salt 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This docunnent has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A goethite whisker whose axial ratio (accumulation pitch diameter of the accumulation 
pitch diameter / minor axis of a m^or axis) computed from an accumulation pitch diameter of a 
m^or axis and an accumulation pitch diameter of a minor axis an accumulation pitch diameter of a 
major axis is 1-10 micrometers, an accumulation pitch diameter of a minor axis is 10-30 nm, and is 
33 or more. 

[Claim 2]Inside of the metal content FeOOH which contains moisture in metal water content ferric 
oxide and an inside which mix a solution and a strong alkali solution which have metal salt which has 
at least a kind of metal chosen from Co, nickel, Cr, and Ti, and ferric salt, and are generated, The 
goethite whisker according to claim 1 to which a kind of metal content x chosen from Co, nickel, Cr, 
and Ti by riping comes at least to contain suspension containing a gel amorphous substance which 
consists at least of one side at 15at%<x<=30at% of a rate. 

[Claim 3]Inside of the metal content FeOOH which contains moisture in metal water content ferric 
oxide and an inside which mix a solution and a strong alkali solution which have metal salt which has 
at least a kind of metal chosen from Co. nickel, Cr, and Ti, and ferric salt, and are generated, A 
goethite whisker to which a kind of metal content x chosen from Co, nickel, Cr, and Ti by riping 
comes at least to contain suspension containing a gel amorphous substance which consists at least 
of one side at 1 5at%<x<=30at% of a rate. 

[Claim 4]The goethite whisker according to claim 3, wherein an accumulation pitch diameter of a 
major axis is 1-10 micrometers, an accumulation pitch diameter of a minor axis is 10-30 nm and an 
axial ratio (accumulation pitch diameter of the accumulation pitch diameter / minor axis of a msuor 
axis) computed from an accumulation pitch diameter of a major axis and an accumulation pitch 
diameter of a minor axis is 33 or more. 

[Claim 5]So that at least a kind of metal content x chosen from Co, nickel, Cr, and Ti in a goethite 
whisker may serve as 1 5at%<x<=30at% of a rate. The metal content FeOOH which mixes a solution 
and a strong alkali solution which have metal salt which has at least a kind of metal chosen from Co. 
nickel. Or. and Ti, and ferric salt, and contains moisture in metal water content ferric oxide and an 
inside is generated. Then, a manufacturing method of a goethite whisker which ripes suspension 
containing a gel amorphous substance which consists at least of one side among the metal content 
FeOOH which contains moisture in the above-mentioned metal water content ferric oxide and an 
inside. 

[Claim 6]A manufacturing method of the goethite whisker according to claim 5 riping considering 
concentration of ferric salt in the above-mentioned suspension as a range of 0.01 - 0.10 mol/l. 
[Claim 7]A manufacturing method of the goethite whisker according to claim 5 setting the pH of the 
above-mentioned suspension to 1 1.0-13.5. 

[Claim 8]A manufacturing method of the goethite whisker according to claim 5 performing the 
above-mentioned aging in 40-90 **. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the completely new goethite whisker which has what 

is called crystal whisker structure. 

[0002] 

[Description of the Prior Art] Generally, as a microfilament-like single crystal called a whisker 
(whisker), a metal whisker and a nonmetallic whisker (a metallic oxide, carbide, a nitride, etc. are 
Included.) are mentioned. It is known that a whisker shows a value also with the intensity near [ a 
crystal structure is close to a perfect crystal, and ] a theoretical value in any case. In other words, 
since a rearrangement does not exist in an inside, the breakdown point of a whisker is very high, and 
it has the ideal mechanical properties as a high intensity material. For this reason, various material 
and products using a whisker are developed from the former, and research is done briskly still now. 
[0003]By the way, goethite (Geothite:alpha-FeOOH) particles, For example, it is widely used as a 
raw material of metal system magnetic powder, such as iron oxide system magnetic powder, 
needlelike Fe, Fe-Co alloy, etc. which laminated Co on needlelike gamma-Fe gOg and FogO^ and 
these which are used for the magnetic recording medium of a coating mold. Even if the ratio of the 
m^or axis and minor axis and a ******** axial ratio are large, the iron oxide system magnetic 
powder and metal system magnetic powder which are used for a magnetic recording medium have 
become about 30 in order to raise the magnetic properties as a magnetic recording medium. When 
producing such iron oxide system magnetic powder and metal system magnetic powder, the goethite 
an axial ratio is [ goethite ] to about 30, i.e., needlelike goethite particles, is used as a raw material. 
[0004]As a manufacturing method of this needlelike goethite particle. Colloid of the ferrous 
hydroxide produced by adding an alkali solution in a ferrous salt solution (1) Acidity, The method of 
oxidizing in neutrality or alkaline suspension, the hydrothermal synthesis method which carries out 
high-temperature-high-pressure processing of the colloid of the ferric hydroxide produced by 
adding an alkali solution to (2) ferric salt solutions in strong-base suspension, (3) The method of 
riping comparatively colloid of the ferric hydroxide produced by adding an alkali solution to a ferric 
salt solution at low temperature in strong-base suspension, etc. are known. In these methods, since 
the shape of the needlelike goethite particles manufactured becomes irregular, this Invention person 
is indicating the manufacturing method of needlelike goethite particles without twin crystal in JP,1 1- 
32981 5,A and JP,1 1-32981 6.A while excelling In needlelike nature. 
[0005] 

[Problem(s) to be Solved by the Invention] However, a goethite whisker cannot be manufactured 
although the needlelike goethite particles which have good needlelike nature can be manufactured in 
a conventionally publicly known technique which was mentioned above. That is, according to the 
technique mentioned above, only needlelike goethite particles suitable for manufacturing the iron 
oxide system magnetic powder and metal system magnetic powder which are used for a magnetic 
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recording medium can be manufactured. 

[0006]In other words, it did not come out to produce conventionally the monodisperse whisker of 
the goethite which can be used for a high precision, and high definition machine industry and 
electronic industry. The goethite whisker in particular usable as detailed component parts required 
for development of a micromachine in recent years, a future nano-machine, etc. does not exist. 
[0007]Then, an object in view of the conventional actual condition mentioned above of this invention 
is to provide a completely new possible goethite whisker [ like / as component parts, such as a 
micromachine and a nano-machine. ]. and a manufacturing method for the same. 
[0008] 

[Means for Solving the Problem] An accumulation pitch diameter of a major axis is 1-10 
micrometers, an accumulation pitch diameter of a minor axis is 10-30 nm, and an axial ratio 
(accumulation pitch diameter of the accumulation pitch diameter / minor axis of a major axis) of a 
goethite whisker concerning this invention which attained the purpose mentioned above computed 
from an accumulation pitch diameter of a m^or axis and an accumulation pitch diameter of a minor 
axis is 33 or more. 

[0009]A goethite whisker constituted as mentioned above is provided with completely new shape 
which is not in the former. 

[001 0]A goethite whisker concerning this invention, Inside of the metal content FeOOH which 
contains moisture in metal water content ferric oxide and an inside which mix a solution and a 
strong alkali solution which have metal salt which has at least a kind of metal chosen from Co. 
nickel, Cr, and Ti, and ferric salt, and are generated. By riping, a kind of metal content x chosen from 
Co, nickel, Cr, and Ti comes at least to contain suspension containing a gel amorphous substance 
which consists at least of one side at 1 5at%<x<=30at% of a rate. 

[001 1]A goethite whisker concerning this invention constituted as mentioned above serves as 
completely new whisker shape which is not in the former. 

[001 2]A manufacturing method of a goethite whisker concerning this invention, So that at least a 
kind of metal content x chosen from Co, nickel, Cr, and Ti in a goethite whisker may serve as 15at% 
<x<=30at% of a rate, The metal content FeOOH which mixes a solution and a strong alkali solution 
which have metal salt which has at least a kind of metal chosen from Co, nickel, Cr, and Ti, and 
ferric salt, and contains moisture in metal water content ferric oxide and an inside is generated. 
Then, suspension containing a gel amorphous substance which consists at least of one side among 
the metal content FeOOH which contains moisture in the above-mentioned metal water content 
ferric oxide and an inside is riped. 

[001 3]A manufacturing method of a goethite whisker concerning this invention constituted as 
mentioned above, So that at least a kind of metal content x chosen from Co, nickel, Cr, and Ti in a 
goethite whisker may serve as 1 5at%<x<=30at% of a rate. Since a solution and a strong alkali 
solution which have metal salt which has at least a kind of metal chosen from Co, nickel, Cr, and Ti. 
and ferric salt are mixed, a completely new goethite whisker which is not in the former can be 
manufactured. 
[0014] 

[Embodiment of the Invention] Hereafter, the concrete embodiment of a goethite whisker concerning 
this invention and a manufacturing method for the same is described in detail with reference to 
drawings. Here, the goethite whisker which contains cobalt as an example of the goethite whisker 
which applied this invention is explained. 

[0015]This goethite whisker is produced according to the process flowchart shown in drawing t 
That is, a goethite whisker carries out mixed stirring of the mixed solution which mixed the ferric 
salt solution and cobalt salt solution which were prepared by ST1, and the strong alkali solution 
prepared by ST2 by ST3, and is manufactured by ripening after that the suspension produced by 
carrying out mixed stirring by ST3 by ST4. Hereafter, this manufacturing process is explained in full 
detail. 
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[0016]First, in ST1, the mixed solution which mixed the ferric salt solution and the cobalt salt 
solution is prepared. 

[001 7]A ferric salt solution is obtained by dissolving ferric salt in solvents, such as water. If it is 
usually used as ferric salt when manufacturing needlelike goethite particles, what kind of thing may 
be used, for example, ferric chloride, ferric sulfate, and the second iron of nitric acid can be 
mentioned. 

[001 8]A cobalt salt solution is obtained by dissolving cobalt salt in solvents, such as water. Although 
it is not limited but all can be used especially as cobalt salt, cobalt sulfate, a cobalt nitrate, a cobalt 
chloride, a cobalt bromide, etc. can be mentioned, for example. 

[0019]In particular, in this ST1, a ferric salt solution and a cobalt salt solution are mixed so that the 
content (Co/Fe) of cobalt in the goethite whisker obtained eventually may be 1 5at%<(Co/Fe) 
<=30at%. 

[0020]Next, a strong alkali solution is prepared in ST2. Although it is not limited but all can be used 
especially as a strong alkali solution, what dissolved sodium hydroxide, a potassium hydrate, lithium 
hydroxide, etc. in solvents, such as water, can be mentioned, for example. 
[0021]Next. in ST3, suspension is prepared by mixing and stirring the mixed solution prepared by 
ST1, and the strong alkali solution prepared by ST2. In ST3, the gel amorphous substance which has 
at least one side among the cobalt content FeOOH which contains moisture in cobalt water content 
ferric oxide and an inside is formed by carrying out mixed stirring of a mixed solution and the strong 
alkali solution. That is, in the suspension prepared in ST3, the gel amorphous substance which 
consists at least of one side among the cobalt content FeOOH which contains moisture in cobalt 
water content ferric oxide and an inside contains. The cobalt content FeOOH which contains 
moisture in these cobalt water content ferric oxide and the inside which are contained in suspension 
serves as a core at the time of crystallizing by ST4 which mentions details later. 
[0022]It is preferred to make the pH of suspension into the range of 1 1.0-13.5 at especially ST3. 
When the pH of suspension is less than 1 1.0, there is a possibility that the crystallinity of a whisker 
may fall and the intensity of the goethite whisker manufactured may fall. When the pH of suspension 
exceeds 13.5, there is a possibility that the condensation between the goethite whiskers 
manufactured may occur. Therefore, by making the pH of suspension into the range of 1 1.0-13.5. 
the goethite whisker which has desired long axis length can be obtained, where mono dispersion is 
carried out. 

[0023]It is preferred to mix a mixed solution and a strong alkali solution at ST3 so that the second 
iron concentration in suspension may serve as 0.01 - 0.10 mol/l. When the second iron 
concentration exceeds 1/1 0.10 mo. it becomes easy to condense the goethite whiskers 
manufactured, and there is a possibility of becoming it being hard to be obtained in the 
monodisperse state. When the second iron concentration is less than 1/1 0.01 mo, there is a 
possibility that the yield of the goethite whisker manufactured may fall. Therefore, the goethite 
whisker of a monodisperse state can be manufactured for the outstanding productivity by making 
the second iron concentration in suspension into 0.01 - 0.10 mol/l. 

[0024]In ST3, a ferric salt solution and a strong alkali solution may be mixed in what kind of order. 
That is, the mixed solution prepared by ST1 may be dropped at the strong alkali solution prepared 
by ST2, and it may mix. or the reverse may be sufficient. When mixing, every per-continuum mixing 
of a fixed quantity of both solutions may be carried out by the mixing means of a line mixer etc. The 
goethite whisker which does not have a difference in a gestalt can be obtained with any mixing 
method. Mixing of suspension is continued performing mixing with a mixed solution and a strong 
alkali solution at a room temperature, and holding a room temperature as pretreatment of aging, and 
equalizing is desirable dispersedly. It becomes easy to crystallize to homogeneity by performing this 
pretreatment. 

[0025]Next, the suspension prepared by ST3 is ripened, the crystal growth of goethite is promoted, 
and a goethite whisker is made to form in ST4. When ripening suspension, it is preferred to carry out 
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by 40-90 ** temperature conditions. Wlien temperature exceeds 90 **, granular alpha-Fe ,0, 

generates, there are few generated amounts of a goethite whisker and there is fear. When 
temperature is less than 40 **, there is a possibility that crystallization of a whisker may not be 
enough and the unreacted particles which consist of a gel amorphous substance may remain easily. 
[0026]According to this aging, crystallization of goethite advances In the predetermined direction to 
the core formed by ST3, and a goethite whisker can be manufactured. Crystallization advances to c 
shaft orientations in the crystal structure of goethite, and, specifically, crystallization does not 
advance on the side parallel to the c axis concerned. That is, by performing aging mentioned above, 
it will crystallize mainly to c shaft orientations, and the goethite whisker extended for a long time 
can be formed in c shaft orientations. 

[0027]Since this contains cobalt in the cobalt content FeOOH which contains moisture in cobalt 
water content ferric oxide and an inside in suspension, By an OH group s sticking to the side 
parallel to c axis, and controlling crystallization in the side parallel to the c axis concerned, it is 
thought that it is for crystallization of c shaft orientations to mainly advance. In order to verify this, 
the F-potential of the surface of the cobalt content FeOOH (cobalt content 6at%) and additive-free 
FeOOH was measured using the electrophoresis method. The result is shown in drawing 2 . In this 
electrophoresis method, electrolytic concentration was considered as 1x10 "^kmol-m"^NaCI 
regularity, and solution temperature was set constant 20 **. 

[0028]This drawing 2 shows having big negative potential as compared with additive-free FeOOH in 
the cobalt content FeOOH. It turns out that the cobalt content FeOOH has big negative potential in 
a high alkali field especially. This is because the surface of the cobalt content FeOOH is covered by 
an OH " group and is charged in negative. Cobalt dissolves into a FeOOH crystal and is incorporated 
during a crystal by replacing by Fe. By this, the electronic state in the FeOOH surface changes, it 
becomes easier to adsorb an OH group, and, as a result, the FeOOH side is strongly charged in 
negative. If the FeOOH side is strongly charged in negative, a deposit of Fe(III) complex ion which is 
a solute will be prevented, and the crystal growth in the FeOOH side will be controlled. As a result, 
Fe(lll) complex ion will deposit selectively in c side of FeOOH. Therefore, FeOOH containing cobalt 
grows up to be c shaft orientations greatly, and serves as a whisker. 

[0029]In ST4, depending on maturing temperature, the time required of aging can shorten the 
reaction time required, if maturing temperature is generally made high. Therefore, what is necessary 
is just to choose maturing temperature in the range which does not have an adverse effect on the 
shape of the goethite whisker particles to generate. 

[0030]And a goethite whisker is isolated out of the suspension which aging finally ended. A goethite 
whisker can be isolated by washing according to a conventional method and specifically passing 
through a drying process. 

[0031]The goethite whisker manufactured in this way contains cobalt inside, and cobalt content 
(Co/Fe) serves as 15<(Co/Fe) <=35at% of a range. When cobalt content is less than [ 15at% ], as 
mentioned above, Fe(lII) complex ion cannot be specifically deposited in c side of FeOOH, and a 
goethite whisker cannot be obtained. When cobalt content exceeds 35at%, The granular CoFe204 

particles of the Spinel structure generated as a by-product will increase, and the generated amount 
of the target Co content goethite whisker will decrease extremely, or only granular CoFegO^ 

particles will generate. 

[0032]Since the accumulation pitch diameter of a major axis is set to 1-10 micrometers and the 
accumulation pitch diameter of a minor axis is set to 10-30 nm. as the obtained goethite whisker is 
shown in draMng 3, 33 or more have been the axial ratio (accumulation pitch diameter of the 
accumulation pitch diameter / minor axis of a major axis) computed from the accumulation pitch 
diameter of a major axis, and the accumulation pitch diameter of a minor axis. This drawing 3 is the 
electron microscope photograph taken by the transmission electron microscope. 
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[0033]In the manufacturing process mentioned above, a less than short time, for example, 5 minutes, 
of the time required of a to [ from a mixed start with a mixed solution and a strong alkali solution 
i.e., the start of ST3, / an end, i.e.. the end of ST3, ] is preferred. If the time required concerned 
attains to a long time, the gel amorphous substance formed with the mixed solution and strong alkali 
solution which were thrown in immediately after ST3 start. It may progress to the stage of crystal 
growth from the nucleation of a goethite whisker, and there is a possibility that Co content goethite 
whisker which is a final product may not serve as mono dispersion. Therefore, a monodisperse 
goethite whisker can be certainly obtained by making the time required of a to [ from the start of 
ST3 / an end ] less than into a short time, for example, 5 minutes. 

[0034]By the way, in above-mentioned explanation, although the goethite whisker which contains 
cobalt as an example of the goethite whisker which applied this invention was illustrated, this 
invention is not limited to such composition. That is, this invention is applicable also to the goethite 
whisker containing at least a kind of metal chosen from Co, Zn, nickel, Cr, and Ti. metallic elements, 
such as Zn, nickel, Cr. and Ti, compare with a cobalt element — an ion radius ~ abbreviated ** 
since it is equivalent, a goethite whisker can be obtained like the case of the cobalt mentioned 
above even if it used metallic elements, such as Zn, nickel, Cr. and Ti. For example, the goethite 
whisker containing Zn, It can obtain by producing the mixed solution which consists of a zinc salt 
solution and a ferric salt solution using sulfate of zinc etc. in STl. and riping the suspension 
containing the gel amorphous substance which consists of the zinc content FeOOH which contains 
moisture in zinc water content ferric oxide and an inside. 
[0035] 

[Example]Hereafter, the concrete example of this invention is described. 

[0036] Example of experiment 1 ferric-chloride 6 hydrate (FeCl2and6H20) was dissolved in distilled 

water, and 2500 ml of ferric chloride solutions of 0.075 mol/l were prepared (STl). Apart from this. 
0.0281 mo! of cobalt chloride 6 hydrates (CoClgandeHgO) were dissolved in distilled water, it was 
referred to as 80 ml, and the cobalt chloride solution was prepared (STl). 
[0037]Next, both solutions were mixed and 2580 ml of ferric chloride solutions containing Co salt 
were prepared (STl). The Co^VFe^"*" ratio in this mixed solution was 15.0at%. Stirring this mixed 
solution. 1910 ml of sodium hydroxide solutions of 0.469 mol/l prepared separately (ST2) were 
dropped, and it mixed, and also 400 ml of 0.094 mol/l. sodium hydroxide solutions were dropped, it 
mixed, and suspension was prepared (ST3). The Co content FeOOH colloid in which this suspension 
contains Co water content ferric oxide colloid and a small amount of moisture in an inside is 
suspended in reaction mother liquor. 0.038 mo, the second iron concentration in this suspension was 
1/1, and pH was 12.5. 

[0038]After the obtained suspension gave stirring by 8000-rpm high velocity revolution wings for 10 
minutes, it stopped stirring and performed aging at 80 ** for 164 hours (ST4). Co content goethite 
whisker generated according to this aging process. It was 16.4at%, Co content, i.e., the Co/Fe ratio, 
in Co content goethite whisker. 

[0039] Example of experiment 2 f erric-chloride 6 hydrate (FeClgandSHgO) was dissolved in distilled 

water, and the ferric chloride solution 2500ml of 0.075 mol/l was prepared (ST1). Apart from this. 
0.0375 mol of cobalt chloride 6 hydrates (CoCl2and6H20) were dissolved in distilled water, it was 

referred to as 80 ml, and the cobalt chloride solution was prepared (STl). 

[0040]Next, both solutions were mixed and 2580 ml of ferric chloride solutions containing Co salt 
were prepared (STl). The Co^VFe^"*" ratio in this mixed solution was 20.0at%. Stirring this mixed 
solution, the sodium hydroxide solution 1950m1 of 0.469 mol/l prepared separately (ST2) was 
dropped, and it mixed, and also 400 ml of 0.094 mol/l. sodium hydroxide solutions were dropped, it 
mixed, and suspension was prepared (ST3). The Co content FeOOH colloid in which this suspension 
contains Co water content ferric oxide colloid and a small amount of moisture in an inside is 
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suspended in reaction mother liquor. The second iron concentration in this suspension was 0 038 
moi/l, and pH was 12.5. 

[0041] After the obtained suspension gave stirring by 8000-rpm high velocity revolution wings for 10 
minutes, it stopped stirring and performed aging at 80 ** for 164 hours (ST4). Co content goethite 
whisker generated according to this aging process. It was 22.0at%, Co content, i.e.. the Co/Fe ratio 
in Co content goethite whisker. 

[0042]Example of experiment 3 ferric-chloride 6 hydrate (FeCl2and6H20) was dissolved in distilled 
water, and 1/1 of the ferric chloride solutions 2500ml were prepared 0.075 mo (ST1) Apart from 
this, 0.0469 mol of cobalt chloride 6 hydrates (CoClgandeHgO) were dissolved in distilled water, it 
was referred to as 80 ml, and the cobalt chloride solution was prepared (ST1). 
[0043]Next. both solutions were mixed and 2580 ml of ferric chloride solutions containing Co salt 
were prepared (ST1). The Co^VPe^"' ratio in this mixed solution was 25.0at%. Stirring this mixed 
solution. 2050 ml of 0.469 mol [ which was prepared separately (ST2) ]/l. sodium hydroxide solutions 
were dropped, and it mixed, and also 400 ml of water culture sodium solutions of 0.094 mol / 1 were 
dropped, it mixed, and suspension was prepared (ST3). The Co content FeOOH colloid in which this 
suspension contains Co water content ferric oxide colloid and a small amount of moisture in an 
inside is suspended in reaction mother liquor. The second iron concentration in this suspension was 
0.037 mol/l, and pH was 12.5. 

[0044]After the obtained suspension gave stirring by 8000-rpm high velocity revolution wings for 10 
minutes, it stopped stirring and performed aging at 80 ** for 164 hours (ST4). Co content goethite 
whisker generated according to this aging process. It was 27.0at%. Co content, i.e.. the Co/Fe ratio 
in Co content goethite whisker. 

[0045]Exarnp!e^f experiment 4 ferric-chloride 6 hydrate (FeCl2and6H20) was dissolved in distilled 
water, and 2500 ml of ferric chloride solutions of 0.075 mol/l were prepared (ST1). Apart from this. 
0.0188 mol of cobalt chloride 6 hydrates (CoCl2and6H20) were dissolved in distilled water, it was ' 
referred to as 60 ml. and the cobalt chloride solution was prepared (ST1). 
[0046]Next. both solutions were mixed and 2560 ml of ferric chloride solutions containing Co salt 
were prepared (ST1). The Co^VFe^"" ratio in this mixed solution was 10.0at%. Stirring this mixed 
solution, 1900 ml of sodium hydroxide solutions of 0.469 mol/l prepared separately (ST2) were 
dropped, and it mixed, and also 400 ml of 0.075 mol/l. sodium hydroxide solutions were dropped, it 
mixed, and suspension was prepared (ST4). The Co content FeOOH colloid In which this suspension 
contains Co water content ferric oxide colloid and a small amount of moisture in an inside is 
suspended in reaction mother liquor. The second iron concentration in this suspension was 0 039 
mol/l, and pH was 12.5. 

[0047]After the obtained suspension gave stirring by 8000-rpm high velocity revolution wings for 10 
minutes, it stopped stirring and performed aging at 80 ** for 164 hours. Co content needlelike 
goethite particles generated according to this aging process. It was 10.6at%, Co content, i.e., the 
Co/Fe ratio, in Co content needlelike goethite particles. 

[0048]The manufacturing conditions of Co content goethite whisker obtained from the above 
example 1 of an experiment thru/or example 4 of an experiment or Co content needlelike goethite 
particles are summarized in Table 1 . and are shown. 
[0049] 

[Table 1] 
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[0050]The powder characteristic of Co content goethite whisker obtained by the above example 1 of 
an experiment thru/or example 4 of an experiment or Co content needlelike goethite particles is 
summarized in Table 2, and is shown. Among these, from the TEM (transmission electron 
microscope) photograph, dimension measurement of the shape, i.e., the meyor axis, minor axis, and 
axial ratio of particles was carried out. and it asked for them. It asked for the crystallite diameter 
from the field (110) of goethite by the Scherrer method. 
[0051] 
[Table 2] 
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3.80 
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If)? 
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_ 5.10 
0.65 


0.020 
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255 
16.3 


n.3 
mo 



[0052]While Co content goethite whisker obtained by the example 1 of an experiment thru/or the 
example 3 of an experiment has the particle diameter of a major axis and a minor axis in the suitable 
range from the result of Table 2, it turns out that an axial ratio is also suitable within the limits. On 
the other hand, in the example 4 of an experiment since the Co/Fe ratio contained in a final 
product was 10.6at%, it was not able to obtain a goethite whisker. 
[0053] 

[Effect of the Invention]The accumulation pitch diameter of a major axis of the goethite whisker 
concerning this invention is 1-10 micrometers so that clearly from the above explanation. 
The accumulation pitch diameter of a minor axis is 10-30 nm, and the axial ratio (accumulation pitch 
diameter of the accumulation pitch diameter / minor axis of a major axis) computed from the 
accumulation pitch diameter of a major axis and the accumulation pitch diameter of a minor axis is 
what that is called 33 or more is completely new. 

[0054]In order that the metal content x may make the goethite whisker concerning this invention 
15<x<=30at%, it serves as completely new shape. 

[0055]In the manufacturing method of the goethite whisker concerning this invention, suspension is 
produced so that at least a kind of metal content x chosen from Co. nickel, Cr, and Ti in a goethite 
whisker may serve as 15<x<=30at% of a rate, and this suspension is ripened. For this reason, 
according to this technique, the completely new goethite whisker which is not in the former can be 
manufactured. 



[Translation done.] 
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